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Claims 

I claim: 

1. A pbwer module, comprising: 

an air compressor cell defining a variable-volume air compressor chamber, 
'kn air supply port, ana an air exit port, said air supply port and air exit port each 
arranged in fluid communication with the air compressor chamber, said air supply 
port adapted to communicate with a source of supply air; 

an air supply valvAassociated with the air supply port and selectively 
operable to move between iVa closed position at which the air supply valve closes 
the air supply port and thereby, closes fluid communication between the source of 
supply air and the air compressor chamber via the air supply port and ii) an opened 
position at which the air supply vialve opens the air supply port and thereby opens 
fluid communication between the spurce of supply air and the air compressor 
chamber via the air supply port; 

an air pump piston positioned\n the air compressor chamber and operable to 
move between i) an expansion positioA at which the air compressor chamber reaches 
its maximum volume and ii) a contraction position at which the air compressor 
chamber reaches its minimum volume; 

a combustion cell defining a variable-volume combustion chamber separate 
from the air compressor chamber, an air intake port, and an exhaust port, said air 
intake port and exhaust port each arranged in^luid communication with the 
combustion chamber; 

an air storage chamber arranged in fluid ^mnnunication between the air exit 
port of the air compressor cell and the air intake pW of the combustion cell; 

an intake valve associated with the air intako^port of the combustion cell and 
selectively operable to move between i) a closed posiftjon at which the intake valve 
closes the air intake port and thereby closes fluid comnkinication between the air 
storage chamber and the combustion chamber via the air\ntake port and ii) an 
opened position at which the intake valve opens the air intake port and thereby opens 
fluid communication between the air storage chamber and tni^ combustion chamber 
via the air intake port; 




-26- 

an eJ^iaust valve associated with the exhaust port of the combustion cell and 
selectively opel^ble to move between i) a closed position at which the exhaust valve 
closes the exhaust port and thereby closes fluid communication between the 
combustion chamlW and the exhaust port and ii) an opened position at which the 
exhaust valve opens t\e exhaust port and thereby opens fluid communication 
between the combustiomchamber and the exhaust port; and 

a power piston poskioned in the combustion chamber and operable to move 
therein between i) an expansion position at which the combustion chamber reaches 
its maximum volume and ii) a o;pntraction position at which the combustion chamber 
reaches its minimum volume. 

2. The power module ofVjaim J, further including an air check valve 
arranged in fluid communication betw&en said air exit port of the air compressor cell 
and the air storage chamber, said air check valve operable to allow only one-way 
fluid flow from the air compressor chamber to the air storage chamber. 

3. The power module of claim l\ wherein said air supply valve is a 
electronically-controllable two-way valve including a movable magnetically- 
latchable poppet having an end portion, a retum^spring operable to bias the poppet 
towards one position corresponding to the closed position of the air supply valve, 
and an opening-direction electrical coil located proximate the end portion of the 
poppet, said opening-direction electrical coil selectively operable to 
electromagnetically pull the poppet towards another po$^tion corresponding to the 
opened position of the air supply valve. 


4. The power module of claiipji,-iimhej>i1icluding an electronic control 
unit operable to selectively and independently^ntrol the operation of the air supply 
valve with digital pulses of electricalpilrrent. 


5. The pow^fmodule of claim4j^fui;ther including an air pressure sensor 
operable to sensp-^tfie pressure of air in the air storage chamber and provide the 
electronic C0mrol unit with a signal indicative of such pressure, said electronic 
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control unit operable to move the air supply^alve to its opened position in response 
to said pressure being below a threshpra air pressure, said electronic control unit 
operable to move the air supply v^ve to its closed position in response to said 
pressure being at least the tljreshold air pressure. 

6. Th^ internal combustion of claim 5, wherein the control unit is 
bperable to selectiveiy^d independently controT the operation of the air supply 
valve in further response tbs^ least one sensed parameter selected from the group of 
ambient air temperature, ambieht^arometric pressure, inlet air temperature, inlet air 
pressure, actuating fluid temperature^^tuating fluid pressure, throttle position, 
power piston position, engine brake signat^tarter inputs, and ignition switch 
position. 


The 


Sfrnodule of claim 1, wherein the air compressor cell and 



the combustjprfcell are integrally formed adjacent one another by a common 
housing 

8. The poweJ^odule of claim 1, wherein the air pump piston and the 
6wer piston are movable b\a common drrve-device. 


9. The power module of claim^8^,wherein said common drive device 
includes a rotatable crank^aft. 


10. The powpMTToSule of claim 1, further including a direct-injection fuel 


injector extepdfng into the combustion ch^ifiiber and selectively operable to inject 
fuel thefem. 



11. A powebsmodule, comprising: 


a turbocharger incluiM^g an exhaust gas inlet and a compressed air outlet; 
an air compressor cell def^mng a variable- volume air compressor chamber, a 
free air supply port adapted to commuhi^te with atmosphere, at least one 
turbocharged air supply port arranged in fluidscommunication with the compressed 
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air outlet onthe turbocharger, and an air exit port, said free air supply port, 
turbochargecr^air supply port, and air exit port each arranged in separate fluid 
communicatiori with the air compressor chamber; 

a free airVipply valve associated with the free air supply port and selectively 
operable to move ofetween i) a closed position at which the air supply valve closes 
the air supply port arm thereby closes fluid communication between atmosphere and 
the air compressor chamber via the free air supply port and ii) an opened position at 
which the free air suppl Avalve opens the free air supply port and thereby opens fluid 
communication between atmosphere and the air compressor chamber via the free air 
supply port; \ 

a turbocharged air supply valve associated with each turbocharged air supply port 
and selectively operable to move between i) a closed position at which the 
turbocharged air supply valve clbses its respective turbocharged air supply port and 
thereby closes fluid communication between the compressed air outlet of the 
turbocharger and the air compressor chamber via the respective turbocharged air 
supply port and ii) an opened position at which the turbocharged air supply valve 
opens its respective turbocharged air siupply port and thereby opens fluid 
communication between the compressed air outlet of the turbocharger and the air 
compressor chamber via the respective turbocharged air supply port; 

an air pump piston positioned in the air compressor chamber and operable to 
move between i) an expansion position at which the air compressor chamber reaches 
its maximum volume and ii) a contraction position at which the air compressor 
chamber reaches its minimum volume; \ 

a combustion cell defining a variable-vo\ume combustion chamber separate 
from the air compressor chamber, an air intake port, a free exhaust port adapted to 
communicate with atmosphere, and at least one drive exhaust port arranged in fluid 
communication with the exhaust gas inlet of the turppcharger, said air intake port, 
free exhaust port, and drive exhaust port each arrangea in separate fluid 
communication with the combustion chamber; \ 

an air storage chamber arranged in fluid communication between the air exit 
port of the air compressor cell and the air intake port of tne combustion cell; 
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an int^e valve associated with the air intake port of the combustion cell and 
selectively operable to move between i) a closed position at which the intake valve 
closes the air intake port and thereby closes fluid communication between the air 
storage chamber and the combustion chamber via the air intake port and ii) an 
opened position at which the intake valve opens the air intake port and thereby opens 
fluid communication between the air storage chamber and the combustion chamber 
via the air intake port; \ 

a free exhaust valve associated with the free exhaust port of the combustion 
cell and selectively operable to move between i) a closed position at which the free 
exhaust valve closes the freA exhaust port and thereby closes fluid communication 
between the combustion chamber and atmosphere via the free exhaust port and ii) an 
opened position at which the Tree exhaust valve opens the free exhaust port and 
thereby opens fluid communication between the combustion chamber and 
atmosphere via the free exhaustVport; 

a drive exhaust valve associated with each drive exhaust port of the 
combustion cell and selectively operable to move between i) a closed position at 
which the drive exhaust valve closes its respective drive exhaust port and thereby 
closes fluid communication between the combustion chamber and the exhaust gas 
inlet of the turbocharger via the respective drive exhaust port and ii) an opened 
position at which the drive exhaust vaJve opens its respective drive exhaust port and 
thereby opens fluid communication beuveen the combustion chamber and the 
exhaust gas inlet of the turbocharger via the respective drive exhaust port; and 

a power piston positioned in the combustion chamber and operable to move 
therein between i) an expansion position at which the combustion chamber reaches 
its maximum volume and ii) a contraction position at which the combustion chamber 
reaches its minimum volume. \ 

12. A power module, comprising: \ - — 
an actuating fluid compressor cell defining a variable-volume actuating fluid 
compressor chamber and an actuating fluid port arranged in fluid communication 
with the actuating fluid compressor chamber, said\actuating fluid port adapted to 
communicate with a source of actuating fluid; \ 
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an actuating fluid drain passage adapted to be arranged in fluid 
communication with the source of actuating fluid; 

an actuating fluid supply valve arranged in fluid communication between the 
source of actuating fluid and the actuating fluid port and selectively operable to 
move between i) a closed position at which the supply valve closes fluid 
communication between the source of actuating fluid and the actuating fluid 
compressor chamber via tne actuating fluid port and ii) an opened position at which 
the supply valve opens flum communication between the source of actuating fluid 
and the actuating fluid compressor chamber via the actuating fluid port; 

an actuating fluid pump piston positioned in the actuating fluid compressor 
chamber and operable to mo\^ therein between i) an expansion position at which 
the actuating fluid compressorVchamber reaches its maximum volume and ii) a 
contraction position at which tne actuating fluid compressor chamber reaches its 
minimum volume; \ 

a combustion cell defining a variable-volume combustion chamber, separate 
from the actuating fluid compressor chamber, an air inlet port, an exhaust port, and 
an actuating fluid common rail, said air inlet port and exhaust port each arranged in 
fluid communication with the combustion chamber; 

an actuating fluid storage chamber arranged in fluid communication between 
the actuating fluid port of the actuating fluid compressor cell and the actuating fluid 
common rail; \ 

a hydraulically-actuatable intaki valve associated with the air inlet port of the 
combustion cell and having an actuating\fluid chamber and a piston portion 
positioned in the actuating fluid chamberAsaid intake valve selectively operable to 
move between i) a closed position at which the intake valve closes the air inlet port 
and thereby closes fluid communication to the combustion chamber via the air inlet 
port and ii) an opened position at which the intake valve opens the air inlet port and 
thereby opens fluid communication to the conibustion chamber via the air inlet port; 

an electronically-controllable magnetically-latchable first control valve 
arranged in fluid communication between the actuating fluid common rail and the 
actuating fluid chamber of the intake valve, said fflrst control valve selectively 
operable to move between i) a closed position at wnich the first control valve closes 
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fluid communication between the actuating fluid common rail and the actuating fluid 
chamber of the intake valve and opens fluid communication between the actuating 
fluid drain oassage and the actuating fluid chamber of the intake valve thereby 
allowing the\ntake valve to be moved towards its closed position and ii) an opened 
position at whrch the first control valve opens fluid communication between the 
actuating fluid common rail and the actuating fluid chamber of the intake valve and 
closes fluid commeinication between the actuating fluid drain passage and the 
actuating fluid chamber of the intake valve thereby allowing the intake valve to be 
hydraulically moved towards its opened position ; 

a hydraulically-kctuatable exhaust valve associated with the exhaust port of 
the combustion cell and Kaving an actuating fluid chamber and a piston portion 
positioned in the actuatin^fluid chamber, said exhaust valve selectively operable to 
move between i) a closed position at which the exhaust valve closes the exhaust port 
and thereby closes fluid communication between the combustion charnber and the 
exhaust port and ii) an opened position at which the exhaust valve opens the exhaust 
port and thereby opens fluid cornmunication between the combustion chamber and 
the exhaust port; \ 

an electronically-controllable magnetically-latchable second control valve 
arranged in fluid communication between the actuating fluid common rail and the 
actuating fluid chamber of the exhaustwalve, said second control valve selectively 
operable to move between i) a closed position at which the second control valve 
closes fluid communication between the actuating fluid common rail and the 
actuating fluid chamber of the exhaust valve and opens fluid communication 
between the actuating fluid drain passage ana the actuating fluid chamber of the 
exhaust valve thereby allowing the exhaust vtave to be moved towards its closed 
position and ii) an opened position at which theXsecond control valve opens fluid 
communication between the actuating fluid common rail and the actuating fluid 
chamber of the exhaust valve and closes fluid communication between the actuating 
fluid drain passage and the actuating fluid chamber of the exhaust valve thereby 
allowing the exhaust valve to be hydraulically moveduowards its opened position; 
and \ 
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a^oweTpTSteii^ositioned in the combustion chamber and operable to move 
therein between i) an expansitrn-fLQsition at which the combustion chamber reaches 
its maximum volume and ii) a contractiorTpDsttioQ^ the combustion chamber 

reaches its minimum volume. i 


^ — 13. The power module of claim 12, further including a check valve 

arranged in fluid communication betwq^tbe actuatine/nuid port of the actuating 
fluid compressor cell and the actuating fluid storage cmamber, said check valve 
operable to allow only one-way fluid flow from thef actuating fluid compressor 
chamber to the actuating fluid storage chamber.. 

14. The power module of claim /2, wherein said actuating fluid supply 
valve includes a digitally-controlled twoyway~valve including a movable 
magnetically-latchable spool having one end portion and an opposite end portion, a 
closing-direction electrical coil located proximate the one end portion of the spool, 
and an opening-direction electrical/coil located proximate the opposite end portion 
of the spool, said closing-directicm electrical coil selectively operable to 
electromagnetically pull the spool towards one state corresponding to the closed 
position of the actuating fluid supply valve, said opening-direction electrical coil 
selectively operable to electromagnetically pull the spool towards another state 
corresponding to the op^ed position of the actuating fluid supply valve. 


15. The pbwer module of claim 12, wherein said first and second control 
valves each include a digitally-controlled three^ay valve including a movable 
magnetically-latchable spool having one end portion and an opposite end portion, a 
closing-direction electrical coil located proximate the one end portion of the spool, 
and an opening-direction electrical coil located proximate the opposite end portion 
of the spool, said closing-direction electrical coil selectively operable to 
electromagnetically pull the spool towards one state corresponding to the closed 
position ofyihe first control valve, said opening-direction electrical coil selectively 
operable to electromagnetically pull the spool towards another state corresponding to 
the opened position of the first control valve. 
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16, The power module of claim 12, further including an electronic control 
unit operable to control the selectable operation of eacbi said electronically- 
controllable valves. ^ — / 


17. The power module of claim 16, further including an actuating fluid 
pressure sensor operable to i) sense the pressur/of actuating fluid in the actuating 
fluid storage chamber and ii) provide the eleemDnie control unit with an actuating 
fluid pressure signal indicative of said pressure, said electronic control unit operable 
to independently control the operation of me actuating fluid supply valve in response 
to said actuating fluid pressure signal. / 

18. The power module ofyclaim 16, further including an actuating fluid 
pressure sensor operable to i) sens^the pressure-of -actuating fluid in the actuating 
fluid common rail and ii) provideythe electronic control unit with an actuating fluid 
pressure signal indicative of saia pressure, said electronic control unit operable to 
independently control the operation of the first and second control valves in response 
to said actuating fluid pressures signal. 

19. The power module of claim 16, wherein said electronic control unit 
further independently controls the operation dTthefirst and second control valves in 
response to at least one sensed parameter selected from the group of ambient air 
temperature, ambient barometric pressure, inlet air temperature, inlet air pressure, 
actuating fluid temperature, actuating fluid pressure, throttle position, power piston 
position, engine brake signals, starter inputs, and ignition switch position. 

20. The power module of claim 12, further including an 
electronically-controllable hydraulically-actuatable fuel injector extending into the 
combustion charnber and selectively operable to inject fuel therein. 



21. The power module of claim 20^jvherein said injector includes an 
actuating fluid/chamber, a piston portion positioned in the actuating fluid chamber, a 


check valve movable between a closed position at whiich the check valve blocks 
injection of fuel and an opened position at which the^heck valve opens injection of 
fuel, and an electronically-controllable magnetically-latchable third control valve 
arranged in fluid communication between the aerating fluid common rail and the 
actuating fluid chamber of the injector, said third control valve selectively operable 
to move between i) a closed position at whicK the third control valve closes fluid 
communication between the actuating flui<ycommon rail and the actuating fluid 
chamber of the injector and opens fluid communication between the actuating fluid 
drain passage and the actuating fluid chamber of the injector thereby allowing the 
check valve of the injector to be movea towards its closed position and ii) an opened 
position at which the third control val^e opens fluid communication between the 
actuating fluid common rail and the/actuating fluid chamber of the injector and 
closes fluid communication between the actuating fluid drain passage and the 
actuating fluid chamber of the injector thereby allowing the check valve to be 
hydraulically moved towards its/opened position. 

22. The power moflule of claim 21, wherein said injector is a multiple 
stage injector. / 

23. The power module of claim 12, wherein said actuating, fluid storage 
chamber is integrally formed with the actuating-fltrid compressor cell. 

24. The power module of claim 12, wherein said actuating fluid storage 
chamber is connected/to the actuating fluia compfessor cell. 

25. Theypower module of claim 12, wherein said intake and exhaust 
valves each furth^ include a return spring ogerahle-to bias the respective valve 
towards its closed position. 


26, /The power module of claim^2^^wherein the actuating fluid 
compressor cell and the combustion cell are integrally formed with one another by a 
common housing. 
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^^^^.^ 27. The power module of claim^42, wherein the actuating fluid 

compressor cell and the combustion cel^re connected together as a compact unit. 



28. The power moduli of claim 12, wherein the actuating fluid pump 
piston and the power piston^e movable by a com mon drive device. 

29. A toower module, comprising: 

an air compressor cell defining a variable- volume air compressor chamber, 
^an air supply port, arad an air exit port, said air supply port and air exit port each 
arranged in fluid cornmunication with the air compressor chamber, said air supply 
port adapted to communicate with a source of supply air; 

an air supply vaMve associated with the air supply port and selectively 
operable to move between i) a closed position at which the air supply valve closes 
the air supply port and thereby closes fluid communication between the source of 
supply air and the air cornpressor chamber via the air supply port and ii) an opened 
position at which the supply valve opens the air supply port and thereby opens fluid 
communication between the\source of supply air and the air compressor chamber via 
the air supply port; 

an air pump piston positioned in the air compressor chamber and operable to 
move between i) an expansion position at which the air compressor chamber reaches 
its maximum volume and ii) a contraction position at which the air compressor 
chamber reaches its minimum voJume; 

a combustion cell defininaa variable-volume combustion chamber, separate 
from the actuating fluid compressor chamber, an air inlet port, an exhaust port, and 
an actuating fluid common rail, saia air inlet port and exhaust port each arranged in 
fluid communication with the combustion chamber; 

an air storage chamber arranged in fluid communication between the air exit 
port of the air compressor cell and the air intake port of the combustion cell; 

an air check valve arranged in flmid communication between said air exit port 
and the air storage chamber, said air chedk valve operable to allow only one-way 
fluid flow from the air compressor chamber to the air storage chamber; 
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an actuatin^uluid compressor cell defining a variable- volume actuating fluid 
compressor chambenand an actuating fluid port arranged in fluid communication 
with the actuating fluid compressor chamber, said actuating fluid port adapted to 
communicate with a source of actuating fluid; 

an actuating fluid drain passage adapted to be arranged in fluid 
communication with the\source of actuating fluid; 

an actuating fluid supply valve arranged in fluid communication between the 
source of actuating fluid and the actuating fluid port and selectively operable to 
move between i) a closed p&sition at which the supply valve closes fluid 
communication between the source of actuating fluid and the actuating fluid 
compressor chamber via the actuating fluid port and ii) an opened position at which 
the supply valve opens fluid communication between the source of actuating fluid 
and the actuating fluid compressor chamber via the actuating fluid port; 

an actuating fluid pumplpiston positioned in the actuating fluid compressor 
chamber and operable to move therein between i) an expansion position at which 
the actuating fluid compressor chamber reaches its maximum volume and ii) a 
contraction position at which the 'actuating fluid compressor chamber reaches its 
minimum volume; 

an actuating fluid storage dhamber arranged in fluid communication between 
the actuating fluid port of the actuating fluid compressor cell and the actuating fluid 
common rail; \ 

an actuating fluid check valve arranged in fluid communication between the 
actuating fluid port of the actuating fluid compressor cell and the actuating fluid 
storage chamber, said actuating fluid check valve operable to allow only one-way 
fluid flow from the actuating fluid compressor chamber to the actuating fluid storage 
chamber; 

a hydraulically-actuatable intake Waive associated with the air inlet port of the 
combustion cell and having an actuating fluid chamber and a piston portion 
positioned in the actuating fluid chamber, said intake valve selectively operable to 
move between i) a closed position at which the intake valve closes the air inlet port 
and thereby closes fluid communication between the air storage chamber and the 
combustion chamber via the air inlet port an'd ii) an opened position at which the 
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intake valve opens thd air inlet port and thereby opens fluid communication between 
the air storage chamber and the combustion chamber via the air inlet port; 

an electronically-controllable magnetically-latchable first control valve 
arranged in fluid communication between the actuating fluid common rail and the 
5 actuating fluid chamber m the intake valve, said first control valve selectively 

operable to move between i) a closed position at which the first control valve closes 
fluid communication between the actuating fluid common rail and the actuating fluid 
chamber of the intake valve\and opens fluid communication between the actuating 
fluid drain passage and the actuating fluid chamber of the intake valve thereby 
10 allowing the intake valve to be moved towards its closed position and ii) an opened 

•51 position at which the first control valve opens fluid communication between the 

1^ actuating fluid common rail anqthe actuating fluid chamber of the intake valve and 

a \ 

!=£» closes fluid communication betvvteen the actuating fluid drain passage and the 

IS actuating fluid chamber of the intake valve thereby allowing the intake valve to be 

pa \ 

''^ 15 hydraulically moved towards its opened position ; 

D a hydraulically-actuatable eVchaust valve associated with the exhaust port of 

i4s the combustion cell and having an actuating fluid chamber and a piston portion 

~2 positioned in the actuating fluid chamber, said exhaust valve selectively operable to 

iO move between i) a closed position at Which the exhaust valve closes the exhaust port 

20 and thereby closes fluid communication between the combustion chamber and the 

exhaust port and ii) an opened position at which the exhaust valve opens the exhaust 
port and thereby opens fluid communication between the combustion chamber and 
the exhaust port; 

an electronically-controllable mafenetically-latchable second control valve 
25 arranged in fluid communication between the actuating fluid common rail and the 

actuating fluid chamber of the exhaust valVe, said second control valve selectively 
operable to move between i) a closed position at which the second control valve 
closes fluid communication between the actuating fluid common rail and the 
actuating fluid chamber of the exhaust valve and opens fluid communication 
30 between the actuating fluid drain passage and the actuating fluid chamber of the 

exhaust valve thereby allowing the exhaust valve to be moved towards its closed 
position and ii) an opened position at which theWcond control valve opens fluid 



10 
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communication beiween the actuating fluid common rail and the actuating fluid 
chamber of the exhaust valve and closes fluid communication between the actuating 
fluid drain passage ^d the actuating fluid chamber of the exhaust valve thereby 
allowing the exhaust v\^lve to be hydraulically moved towards its opened position; 
and 

a power piston positioned in the combustion chamber and operable to move 
therein between i) an expansion position at which the combustion chamber reaches 
its maximum volume and ii)V contraction position at which the combustion chamber 
reaches its minimum volume. 

30. The power module of claim 29, wherein said actuating fluid pump 
piston is driven by said air pump piston. — ^' 


3 1 . A power module, comprising: 

an air comp^ssor cell defining a variable-volume air compressor chamber, 
an air supply port, andean air exit port, said air supply port and air exit port each 
arranged in separate flui^communication with the air compressor chamber, said air 
supply port adapted to conmiunicate with a source of supply air; 

an electronically-controllable magnetically-latchable air supply poppet valve 
20 associated with the air supply port, said air supply poppet valve including a 

magnetically-latchable poppet having an end portion and movable between a closed 
position and an opened position, a relum spring operable to bias the poppet of the air 
supply poppet valve towards its closed position at which the poppet of the air supply 
poppet valve closes the air supply port anasthereby closes fluid communication 
25 between the source of supply air and the air compressor chamber via the air supply 

port, and an opening-direction electrical coil located proximate the end portion of the 
poppet, said opening-direction electrical coil selectively operable to 
electromagnetically pull the poppet of the air supply poppet valve towards its opened 
position at which the poppet of the air supply poppet vm^e opens the air supply port 
30 and thereby opens fluid communication between the sourc^of supply air and the air 

compressor chamber via the air supply port; 
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an air pump piston positioned in the air compressor chamber and operable to 
reciprocally move\between i) an expansion position at which the air compressor 
chamber reaches itamaximum volume and ii) a contraction position at which the air 
compressor chambeAreaches its minimum volume; 
5 a combustion cell defining a variable-volume internal combustion chamber, 

separate from the actuating fluid compressor chamber, an air inlet port, an exhaust 
port, and an actuating fluid common rail, said air inlet port and exhaust port each 
arranged in separate fluia communication with the combustion chamber; 

an air storage charraber arranged in fluid communication between the air exit 
10 port of the air compressor pell and the air intake port of the combustion cell; 

an air check valve arranged in fluid communication between said air exit port 
and the air storage chamber, said air check valve operable to allow only one-way 
fluid flow from the air compressor chamber to the air storage chamber; 

an actuating fluid compressor cell defining a variable- volume actuating fluid 
15 compressor chamber and an actuating fluid port arranged in fluid communication 

with the actuating fluid compressor chamber, said actuating fluid port adapted to 
communicate with a source of actuating fluid; 

an actuating fluid drain passage adapted to be arranged in fluid 
communication with the source of actuating fluid; 
20 an electronically-controllablelmagnetically-latchable two-way actuating fluid 

supply valve arranged in fluid communication between the source of actuating fluid 
and the actuating fluid port, said actuating fluid supply valve including a 
magnetically-latchable spool having one end portion and an opposite end portion and 
movable between a closed position and in opened position, a closing-direction 
25 electrical coil located proximate the one and portion of the spool, and an opening- 

direction electrical coil located proximate the opposite end portion of the spool, said 
closing-direction electrical coil selectively operable to electromagnetically pull the 
spool of the actuating fluid supply valve towards its closed position at which the 
spool of the actuating fluid supply valve closes fluid communication between the 
30 source of actuating fluid and the actuating fluid compressor chamber via the 

actuating fluid port, said opening-direction electrical coil selectively operable to 
electromagnetically pull the spool of the actuating fluid supply valve towards its 
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opened position which the spool of the actuating fluid supply valve opens fluid 
communication between the source of actuating fluid and the actuating fluid 
compressor chamber via the actuating fluid port; 

an actuating ffluid pump piston positioned in the actuating fluid compressor 
chamber and operable\to reciprocally move therein between i) an expansion position 
at which the actuating nuid compressor chamber reaches its maximum volume and 
ii) a contraction positiomat which the actuating fluid compressor chamber reaches its 
minimum volume; \ 

an actuating fluid storage chamber arranged in fluid communication between 
the actuating fluid port of tne actuating fluid compressor cell and the actuating fluid 
common rail; \ 

an actuating fluid check valve arranged in fluid communication between the 
actuating fluid port of the actuating fluid compressor cell and the actuating fluid 
storage chamber, said actuating fluid check valve operable to allow only one-way 
fluid flow from the actuating fluid compressor chamber to the actuating fluid storage 
chamber; \ 

a hydraulically-actuatable intake poppet valve associated with the air inlet 
port of the combustion cell and having an actuating fluid chamber and a piston 
portion positioned in the actuating fluid chamber, said intake poppet valve 
selectively operable to reciprocally move between i) a closed position at which the 
intake poppet valve closes the air inlet port and thereby closes fluid communication 
between the air storage chamber and the combustion chamber via the air inlet port 
and ii) an opened position at which tne intake poppet valve opens the air inlet port 
and thereby opens fluid communication between the air storage chanriber and the 
combustion chamber via the air inlet port; 

an electronically-controllable niagnetically-latchable three-way first control 
valve arranged in fluid communication fbetween the actuating fluid common rail and 
the actuating fluid chamber of the intake V/alve, said first control valve including a 
magnetically-latchable spool having one end portion and an opposite end portion and 
movable between a closed position and an opened position, a closing-direction 
electrical coil located proximate the one ena portion of the spool, and an opening- 
direction electrical coil located proximate the opposite end portion of the spool, said 
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closing-direction electrical coil selectively operable to electromagnetically pull the 
spool towards its closed position at which the spool of the first control valve closes 
fluid communication between the actuating fluid common rail and the actuating fluid 
chamber of the intake poRpet valve and opens fluid communication between the 
actuating fluid drain passage and the actuating fluid chamber of the intake poppet 
valve thereby allowing the intake poppet valve to be moved towards its closed 
position, said opening-directiW electrical coil selectively operable to 
electromagnetically pull the spool towards its opened position at which the spool of 
the first control valve opens fluM communication between the actuating fluid 
common rail and the actuating fluid chamber of the intake poppet valve and closes 
fluid communication between the\actuating fluid drain passage and the actuating 
fluid chamber of the intake poppetWalve thereby allowing the intake poppet valve to 
be hydraulically moved towards its ppened position; 

a hydraulically-actuatable exhaust poppet valve associated with the exhaust 
port of the combustion cell and havinW an actuating fluid chamber and a piston 
portion positioned in the actuating fluid chamber, said exhaust poppet valve 
selectively operable to reciprocally move between i) a closed position at which the 
exhaust poppet valve closes the exhaust\port and thereby closes fluid communication 
between the combustion chamber and the exhaust port and ii) an opened position at 
which the exhaust poppet valve opens the\exhaust port and thereby opens fluid 
communication between the combustion cmamber and the exhaust port; 

an electronically-controllable magnetically-latchable three-way second 
control valve arranged in fluid cornmunication between the actuating fluid common 
rail and the actuating fluid chamber of the exhaust poppet valve, said second control 
valve including a magnetically-latchable spool having one end portion and an 
opposite end portion and movable between a closed position and an opened position, 
a closing-direction electrical coil located proximate the one end portion of the spool, 
and an opening-direction electrical coil located proximate the opposite end portion 
of the spool, said closing-direction electrical coil selectively operable to 
electromagnetically pull the spool towards its closed position at which the spool of 
the second control valve closes fluid communication between the actuating fluid 
common rail and the actuating fluid chamber of the! exhaust poppet valve and opens 
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fluid communication between the actuating fluid drain passage and the actuating 
fluid chamber of theyexhaust poppet valve thereby allov^ing the exhaust poppet valve 
to be moved towards\ts closed position, said opening-direction electrical coil 
selectively operable to\electromagnetically pull the spool towards its opened position 
at which the spool of the second control valve opens fluid communication between 
the actuating fluid common rail and the actuating fluid chamber of the exhaust 
poppet valve and closes fluid communication between the actuating fluid drain 
passage and the actuating fluid chamber of the exhaust poppet valve thereby 
allowing the exhaust poppet vialve to be hydraulically moved towards its opened 
position; and \ 

a power piston positioned, in the combustion chamber and operable to 
reciprocally move therein between i) an expansion position at which the combustion 
chamber reaches its maximum volume and ii) a contraction position at which the 
combustion chamber reaches its minrmum volume. 

32. An internal combustion engine, comprising: 

a plurality of power modules connetcted to generate work together wherein 
each power module separately includes an air compressor cell defining a variable- 
volume air compressor chamber, an air suppl\port, and an air exit port, said air 
supply port and air exit port each arranged in fmid communication with the air 
compressor chamber, said air supply port adapteosto communicate with a source of 
supply air; an air supply valve associated with the aV supply port and selectively 
operable to move between i) a closed position at which the air supply valve closes 
the air supply port and thereby closes fluid communicaraon between the source of 
supply air and the air compressor chamber via the air supmly port and ii) an opened 
position at which the air supply valve opens the air supplyport and thereby opens 
fluid communication between the source of supply air and the air compressor 
chamber via the air supply port; an air pump piston positioned, in the air compressor 
chamber and operable to move between i) an expansion positiori at which the air 
compressor chamber reaches its maximum volume and ii) a contraction position at 
which the air compressor chamber reaches its minimum volume; a G;pmbustion cell 
defining a variable-volume combustion chamber separate from the aiXcompressor 
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chamber, afi air intake port, and an exhaust port, said air intake port and exhaust port 
each arranges in fluid communication with the combustion chamber; an air storage 
chamber arranged in fluid communication between the air exit port of the air 
compressor cell arid the air intake port of the combustion cell; an intake valve 
associated with the\air intake port of the combustion cell and selectively operable to 
move between i) a closed position at which the intake valve closes the air intake port 
and thereby closes fluici communication between the air storage chamber and the 
combustion chamber viaVhe air intake port and ii) an opened position at which the 
intake valve opens the air Vitake port and thereby opens fluid communication 
between the air storage chamber and the combustion chamber via the air intake port; 
an exhaust valve associated with the exhaust port of the combustion cell and 
selectively operable to move between i) a closed position at which the exhaust valve 
closes the exhaust port and thereW closes fluid communication between the 
combustion chamber and the exhaust port and ii) an opened position at which the 
exhaust valve opens the exhaust poVt and thereby opens fluid communication 
between the combustion chamber ann the exhaust port; and a power piston 
positioned in the respective combustion chamber and operable to move therein 
between i) an expansion position at whK:h the respective combustion chamber 
reaches its maximum volume and ii) a contraction position at which the respective 
combustion chamber reaches its minimunV volume; wherein said air compressor 
chamber and air storage chamber of each p6wer module are isolated from fluid 
communication and independently operable with respect to the air compressor 
chamber and air storage chamber of any otherVaid power module of the internal 
combustion engine. \ 

33. The internal combustion engine of cihxm 32, further including a 
separate electronic control unit associated with each pW^er rriodule, each electronic 
control unit operable to selectively and independently c^trol the operation of the 
respective air supply valve with digital pulses of electricalVurrent. 


— ' — 34. The internal cpfrtmistion engine of claim 33, further including an air 
pressure sensor assopi-^fed with each power module, saitl"^ir^res sure sensor operable 
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to sense the pressure of air in thp-fespective air storage chamber and provide the 
respective electronic contrpfunit with a signal indicative of such pressure, said 
respective electronic cj3(ntrol unit operable to move the respective air supply valve to 
its opened position/m response to said pressure being below a threshold air pressure, 
said respective/^ectronic control unit operable to move the respective air supply 
valve to its jg^osed position in response to said pressure being at least the threshold 
air pres^re. 

35. "^he internal combustion of claim 32, wherein each control unit is 
operable to selectively and independently control the operation of the respective air 
supply valve in respoF^se to at least one sensed parameter selected from the group of 
air temperature, air manirald pressure, actuating fluid temperature, actuating fluid 
pressure, barometric pressure>s^rottle position, power piston position, engine brake 
signals, starter inputs, and igniti oh. switch position. 



36. The internal combustion engine of c}Mm 32, wherein the air 
compressor cell and combustion cell of each^frower module^are located adjacent to 
one another. 


37. The intemal^eombustion engine of claim 32, wherein said power 
modules are arrange^^bstantially in-line relative to one another. 


3S.y^ The internal combustion engine of claim 32, wherein the air 
compp^sor cells are arranged in an alternating and substantially in-line pattern with 
reject to the combustion cells. 


39. An ftatemal combustion engine, comprising: 



plurality of power modules connected to generate work together wherein each 
power module separately inbsludes an actuating fluid compressor cell defining a 
variable-volume actuating fluia^s;ompressor chamber and an actuating fluid port 
arranged in fluid communication wrfeh the actuating fluid compressor chamber, said 
actuating fluid port adapted to communicate with a source of actuating fluid; an 
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actuating fluid drain Wssage adapted to be arranged in fluid communication with the 
source of actuating fluVd; an actuating fluid supply valve arranged in fluid 
communication between the source of actuating fluid and the actuating fluid port and 
selectively operable to mcwe between i) a closed position at which the supply valve 
closes fluid communicatiombetween the source of actuating fluid and the actuating 
fluid compressor chamber viaUhe actuating fluid port and ii) an opened position at 
which the supply valve opens fluid communication between the source of actuating 
fluid and the actuating fluid compressor chamber via the actuating fluid port; an 
actuating fluid pump piston positioned in the actuating fluid compressor chamber 
and operable to move therein between i) an expansion position at which the 
actuating fluid compressor chamber Wches its maximum volume and ii) a 
contraction position at which the actuating fluid compressor chamber reaches its 
minimum volume; a combustion cell defining a variable- volume combustion 
chamber, separate from the actuating flum compressor chamber, an air inlet port, an 
exhaust port, and an actuating fluid common rail, said air inlet port and exhaust port 
each arranged in fluid communication with the combustion chamber; an actuating 
fluid storage chamber arranged in fluid communication between the actuating fluid 
port of the actuating fluid compressor cell anathe actuating fluid comrrion rail; a 
hydraulically-actuatable intake valve associated with the air inlet port of the 
combustion cell and having an actuating fluid chamber and a piston portion 
positioned in the actuating fluid chamber, said intake valve selectively operable to 
move between i) a closed position at which the intake valve closes the air inlet port 
and thereby closes fluid communication between the^ir storage chamber and the 
combustion chamber via the air inlet port and ii) an opened position at which the 
intake valve opens the air inlet port and thereby opens fluid communication between 
the air storage chamber and the combustion chamber viaVhe air inlet port; an 
electronically-controllable magnetically-latchable first control valve arranged in 
fluid communication between the actuating fluid common rail and the actuating fluid 
chamber of the intake valve, said first control valve selectivelV operable to move 
between i) a closed position at which the first control valve cloaes fluid 
communication between the actuating fluid common rail and the\actuating fluid 
chamber of the intake valve and opens fluid communication between the actuating 
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fluid drain passage and the actuating fluid chamber of the intake valve thereby 
allowing the intake valve to be moved towards its closed position and ii) an opened 
position at which tlie first control valve opens fluid communication between the 
actuating fluid common rail and the actuating fluid chamber of the intake valve and 
closes fluid communiciation between the actuating fluid drain passage and the 
actuating fluid chamber W the intake valve thereby allowing the intake valve to be 
hydraulically moved tow^ds its opened position; a hydraulically-actuatable exhaust 
valve associated with the exhaust port of the combustion cell and having an 
actuating fluid chamber ancRa piston portion positioned in the actuating fluid 
chamber, said exhaust valve s;electively operable to move between i) a closed 
position at which the exhaust valve closes the exhaust port and thereby closes fluid 
communication between the combustion chamber and the exhaust port and ii) an 
opened position at which the exhaust valve opens the exhaust port and thereby opens 
fluid communication between the opmbustion chamber and the exhaust port; an 
electronically-controllable magnetically-latchable second control valve arranged in 
fluid communication between the actuating fluid common rail and the actuating fluid 
chamber of the exhaust valve, said second control valve selectively operable to move 
between i) a closed position at which thAsecond control valve closes fluid 
communication between the actuating fluiti common rail and the actuating fluid 
chamber of the exhaust valve and opens flu\d communication between the actuating 
fluid drain passage and the actuating fluid chamber of the exhaust valve thereby 
allowing the exhaust valve to be moved towaras its closed position and ii) an opened 
position at which the second control valve opens fluid communication between the 
actuating fluid common rail and the actuating flu\d chamber of the exhaust valve and 
closes fluid communication between the actuatingVluid drain passage and the 
actuating fluid chamber of the exhaust valve thereby allowing the exhaust valve to 
be hydraulically moved towards its opened position; and a power piston positioned 
in the combustion chamber and operable to move therein between i) an expansion 
position at which the combustion chamber reaches its rnlaximum volume and ii) a 
contraction position at which the combustion chamber reaches its minimum volume; 
wherein said actuating fluid compressor chamber and actuating fluid storage 
chamber of each power module are isolated from fluid communication and 
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independently operaote^ith respect to the actuating fluid compressor chamber and 
actuating fluid storage chah^er of any other said power module of the internal 
combustion engine. 


40. The internal combustion engine of cMm 39, wherein said 
actuating fluid compressor cell and combusjk^n cell ofxaoh power module are 
located adjacent to one another. 


10 


41. The internal combustion engine of claim 39, wherein said power 
modules are arranged sub^antially in-line relative to oneanother. 
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42. 'pfie internal combustion engine of claim 39, wherein the actuating 
fluid comoj^ssor cells are arranged in an alternating and_&uhstantially inTline pattern 
with r^gpect to the combustion cells. 

43. two-stroke cycle power module, comprising: 
a rotatable\rankshaft; 
a combustion\hamber; 

a movable power^iston positioned in the combustion chamber and 
coupled to the crankshaft foK movement therewith; 

an electronically-controilable hydraulically-actuatable fuel injector 
extending into the combustion chaiipber and selectively operable to inject fuel 
therein; 

an electronically-controllable hydfi^ulically-actuatable intake valve 
selectively 

operable to admit air into the combustion chaml^^; and 

an electronically-controllable hydraulically-actuatable exhaust valve 
selectively operable to vent exhaust gas from the combiWion chamber, wherein said 
crankshaft is selectively rotatable in one angular direction aKKl a reverse angular 
direction in response to selectable timing and sequence of operation of the intake and 
exhaust valves and the fuel injector relative to the position of the y)Ower piston. 
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44. A method of operating a two-stroke /ycle power module having a 
rotatable crankshaft; an air compressor cell defining a variable- volume air 
compressor chamber, an air supply port, and anyair exit port, said air supply port and 
air exit port each arranged in fluid communication with the air compressor chamber, 
said air supply port adapted to communicat/with a source of supply air; an air 
supply valve associated with the air supply port and selectively operable to move 
between i) a closed position at which the air supply valve closes the air supply port 
an'd thereby closes fluid communication between the source of supply air and the air 
compressor chamber via the air supply port and ii) an opened position at which the 
air supply valve opens the air supply port and thereby opens fluid communication 
between the source of supply air amd the air compressor chamber via the air supply 
port; an air pump piston positioned in the air compressor chamber and operable to 
move between i) an expansion position at which the air compressor chamber reaches 
its maximum volume and ii) aycontraction position at which the air compressor 
chamber reaches its minimum volume; a combustion cell defining a variable- volume 
combustion chamber separate from the air compressor chamber, an air intake port, 
and an exhaust port, said air intake port and exhaust port each arranged in fluid 
communication with the combustion chamber; an air storage chamber arranged in 
fluid communication between the air exit port of the air compressor cell and the air 
intake port of the comoustion cell; an intake valve associated with the air intake port 
of the combustion ceU and selectively operable to move between i) a closed position 
at which the intake yalve closes the air intake port and thereby closes fluid 
communication between the air storage chamber and the combustion chamber via 
the air intake port and ii) an opened position at which the intake valve opens the air 
intake port and thereby opens fluid communication between the air storage chamber 
and the combustfon chamber via the air intake port; an exhaust valve associated with 
the exhaust poryof the combustion cell and selectively operable to move between i) 
a closed position at which the exhaust valve closes the exhaust port and thereby 
closes fluid cc^mmunication between the combustion chamber and the exhaust port 
and ii) an opened position at which the exhaust valve opens the exhaust port and 
thereby opens fluid communication between the combustion chamber and the 
exhaust por^ and a power piston positioned in the combustion chamber and coupled 
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to the crankshaft for movement therewith, said power piston operable tio move in the 
combustion chamber between i) an expansion position at which the oombustion 
chamber reaches its maximum volume corresponding to a ISO^an^lar position of 
the crankshaft and ii) a contraction position at which the combuaxion chamber 
reaches its minimum volume corresponding to a 0° angular po/ition of the 
crankshaft, said method comprising the steps of: / 

moving the power piston from its contraction posidfon and towards its 
expansion position; / 

opening the exhaust valve when the power piston has been moved to a first 
position corresponding to a first angular position of tne crankshaft; 

opening the intake valve when the power piston has been moved to a second 
position corresponding to a second angular position of the crankshaft; 

moving the power piston to its expansic/n position; 

moving the power piston from its expansion position and towards its 
contraction position; / 

closing the exhaust valve when thef power piston has been moved to a third 
position corresponding to a third angulay position of the crankshaft; 

closing the intake valve when tne power piston has been moved to a fourth 
position corresponding to a fourth angular position of the crankshaft; and 

moving the power piston to/ts contraction position. 

45. The method of claim 44, wherein the angular distance between the 
first and fourth angular positions is a>0ut 80°. 

46. The method^f claim 44, wherein the first angular position of the 
crankshaft is about 140°, me second-angular position of the crankshaft is about 160°, 
the third angular positiom of the crankshaft is about 200°, and the fourth angular 
position of the crankshaft is about 220°. 

47. The method of claim 44, wherein during operation of the power 
module the combustion chamber has a peak fluid pressure of about 13,790 kPa 
(about 2000 psi) when the power piston is at its contraction position. 
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48, The method of claim 44, whereki during operation of the power 
module the combustion chamber has a re^ual fluid pressure greater than 
atmospheric pressure when the powerplstpn is at its expansion position. 

49. The method of clami 48, wherein the residual fluid pressure in the 
combustion chamber is at leas^bout 138 kPa (about 20 psi). 


/ 50. The method^of"6l^im 50, wherein the residual fluid pressure in the 
'combustion chamber is in the range of^abput 138 to 207 kPa (about 20 to 30 psi). 
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